The association between interleukin-33 (IL-33) gene polymorphisms and late onset Alzheimer's disease (LOAD) remains controversial in previous studies. Thus, a meta-analysis was conducted to assess the association between the IL-33 polymorphisms (rs11792633 and rs7044343) and LOAD susceptibility. Crude odds ratio (OR) and 95% confidence interval (CI) were used to investigate the relationship strength. Sensitivity analysis was performed, and publication bias was estimated by the Begg's and Egger's tests. Overall, six independent studies involving 2,589 patients and 8,414 control samples met our inclusion criteria and were included in this meta-analysis. 
Introduction
Alzheimer's disease (AD), one of the most common progressive neurodegenerative disorders of central nervous system, is affecting .35 million people worldwide. 1 Extracellular accumulation of amyloid-β (Aβ) in senile plaques, intracellular neurofibrillary tangles, synaptic dysfunction, microglial activation, and neuronal loss are the main principal events in AD pathogenesis. [2] [3] [4] Although several mechanisms such as amyloid hypothesis and cholinergic hypothesis may contribute to AD development and progression, the exact etiology of AD has not yet been fully illustrated. 5, 6 Growing evidence has proven that Aβ deposition initiates a spectrum of cellular responses mediated by the activated microglia, which produce inflammatory cytokines to further trigger the immune response, induce neuronal loss, and aggravate AD pathology. 7 The interleukin-1 (IL-1) cytokine family is recognized as a key mediator of inflammation and fibrosis in multiple tissues. 8 Interleukin-33 (IL-33), a member of IL-1 family, plays a pivotal role in immune responses and various physiological and submit your manuscript | www.dovepress.com
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Zhong et al pathological events such as tissue homeostasis, autoimmune disease, and cancer. 9 ,10 IL-33 acts as an alarmin against stress and cell death by activating immune cells to enhance cellular immune response and to maintain homostasis. 11, 12 In the central nervous system, IL-33 was suggested to induce inflammatory molecules released from glial cells; furthermore, IL-33 administration could reduce soluble Aβ levels and amyloid plaque deposition by promoting the recruitment and Aβ phagocytic activity of microglia in AD. 13, 14 Therefore, mutations of IL-33 gene possibly result in an aberrant deposition of Aβ and thus promote the pathogenesis of AD. Late onset AD (LOAD) is AD diagnosed at and after the age of 65 years. LOAD is a common form of AD, accounting for .90% of all AD cases. It is of great significance to elucidate the possible pathogenesis of LOAD.
Over the years, although some epidemiological studies have been performed to investigate the association between LOAD risk and the IL-33 gene polymorphisms, the results still remain conflicting. Several single-nucleotide polymorphisms (SNPs) within IL-33 have been suggested to affect the gene expression levels including rs11792633, rs7044343, and rs1157505 polymorphisms. Interestingly, the SNPs of IL-33 were reported to be involved in the LOAD susceptibility. [15] [16] [17] Although the IL-33 gene rs1157505 polymorphism was reported to be an widely accepted factor of AD susceptibility, it is still inconclusive that whether the rs11792633 and rs7044343 polymorphisms of IL-33 gene affect the risk of AD. The study by Yu et al 17 indicated that rs7044343 was not a genetic factor of AD, and the American participants in the Chapuis et al's 15 study also showed that rs11792633 polymorphism of IL-33 had negative effect on AD risk. It means that finding out the association between LOAD pathogeneses may serve as an important target for AD pathogenesis. Therefore, we perform a meta-analysis to evaluate the association between the IL-33 gene polymorphisms rs11792633 and rs7044343 and the risk of LOAD.
Methods
selection of studies
The publication search was carried out in multiple electronic databases including PubMed, EMBASE, Web of Science, and AlzGene with a combination of the following subject terms: "IL-33" or "interleukin-33" or "rs11792633" or "rs7044343" and "Alzheimer's disease" or "AD". The relevant articles published in English before March 1, 2017, were included.
inclusion and exclusion criteria
The abstracts found were read to conform studies examining the genotype association between IL-33 SNP and AD.
The study was considered eligible and included in the current meta-analysis if it met the following criteria: 1) case-control or cohort study design; 2) the study had to be focused on SNP rs11792633 or rs7044343 within IL-33 using original data; 3) the study included sufficient genotype distribution data such as the frequency of individual genotypes in cases and controls; and 4) the LOAD cases (age at onset $65 years) were diagnosed according to the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) or Diagnostic and Statistical Manual of Mental Disorders (DSM)-III criteria, which are worldwide working criteria for AD diagnosis. 18, 19 The studies without correlation with IL-33 polymorphism and LOAD susceptibility, overlapping data, or review articles were excluded.
Data extraction
Each study was independently checked with inclusion and exclusion criteria by two investigators, and a consensus was reached. The following information was extracted from each study: first author, publication year, country, ethnic origin, mean age and the percentage of women of the studied population, genotyping method, and sample size distributions of genotype and allele.
statistical analysis
The following genetic models were selected: homozygote comparison model (NN vs MM), heterozygous comparison model (MN vs MM), dominant model (NN + MN vs MM), recessive model (NN vs MN + MM), and allelic model (N vs M) (M stands for major allele and N stands for minor allele). The strength of the association between IL-33 polymorphisms and LOAD risk was expressed by crude odds ratio (OR) and the corresponding 95% confidence interval (CI). The significance of the pooled OR was detected by Z-test, and two-tailed P-values ,0.05 were considered statistically significant. The between-study heterogeneity was determined by Cochran's Q statistic and the I 2 statistic, and the value of I 2 #50% and P.0.1 indicated low heterogeneity, and using fixed-effects model, otherwise, the random-effects model was conducted. 20, 21 Hardy-Weinberg equilibrium (HWE) in the controls was tested using the Pearson's chi-squared test, and the significance level was maintained at P,0.05. 22 Additionally, Begg's funnel plot and Egger's linear regression test were performed to estimate the possible sources of bias, and P,0.05 was considered representative of statistically significant. 23 All the abovementioned statistical analyses were carried out using the STATA 12.0 software (StataCorp LP, College Station, TX, USA). 
Results
characteristics of eligible studies
A total of 44 published articles referred to the association between IL-33 rs11792633 or rs7044343 variants and LOAD were eligible for this meta-analysis after an initial search from the PubMed, EMBASE, Web of Science, and AlzGene databases. After further screening of these studies, six case-control studies out of three publications were included in the analysis, and the potential genetic associations between two cytokine gene polymorphisms IL-33 rs11792633 and rs7044343 and LOAD susceptibility were comprehensively investigated. All studies used the Mini-Mental State Examination (MMSE) to identify healthy controls. 24 The median age of LOAD cases in these studies ranged from 73.0 to 79.6 years (age at onset .65 years), and the percentage of female patients ranged from 55% to 65%. The methods for gene identification were the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The flow diagram of the search process is shown in Figure 1 , and the general characteristics and genotype distributions of the IL-33 alleles are listed in Table 1 .
Meta-analysis: il-33 rs11792633 sNP
The association between IL-33 rs11792633 polymorphism and LOAD risk was analyzed in six independent studies encompassing 2,589 cases and 8,414 controls. Results of pooled analysis are summarized in Table 2 . Fixed-effects model was used in homozygote and recessive models, while Table 2 , and the forest plots for the association between the IL-33 rs11792633 SNP and LOAD risk in dominant and recessive models for overall populations and ethnicity subgroup are shown in Figure 2A-D. A sensitivity analysis was conducted in which every single study was excluded to explore the potential sources of heterogeneity. However, sensitivity tests revealed that no single study significantly affected the estimates of overall results, indicating a high stability of this meta-analysis. Moreover, Begg's funnel plot and Egger's linear regression test were performed to assess publication bias of all included studies. As shown in Figure 3A and B, the shape of funnel plots for meta-analysis of IL-33 rs11792633 SNP in the included studies under dominant and recessive models seemed symmetrical, and Egger's tests also failed to present the evidence of publication bias (Table 2) . Fixed-effects model was conducted in heterozygote, recessive model, and allele models, and random-effects model was used in homozygote and dominant models. Additionally, results of subgroup analysis stratified by ethnicity suggested that there was apparently positive association between the IL-33 rs7044343 and a reduction of LOAD susceptibility in Caucasians. Results of pooled analysis are summarized in detail in Table 2 , and forest plots in dominant and recessive models are shown in Figure 4A and B. Sensitivity analysis indicated that no single study qualitatively changed the pooled ORs, suggesting that the results of the meta-analysis were stable. Funnel plots were conducted to assess the publication bias, and no evidence of asymmetry was observed, which was further supported by Egger's tests ( Table 2 ). The funnel plots for dominant and recessive models were shown in Figure 5A and B, showing that there was no publication bias in our study.
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Discussion
IL-33 is a proinflammatory cytokine of the IL-1 family, and the IL-33 gene is located in the chromosome 9p24 region containing 11 exons. A genome-wide association study (GWAS) by Li et al 25 found strong correlation between IL-33 polymorphisms and allergic rhinitis. Therefore, genetic variants of IL-33 have been investigated in numerous autoimmune diseases. So far, a multitude of IL-33 genetic variants has been identified, and several have been investigated for associations with IL-33 activity, such as IL-33 rs3939286, rs16924159, rs11792633, rs7044343, and rs1157505 polymorphisms. Among them, Lopez-Mejias et al 26 suggested that IL-33 gene rs3939286 may be a candidate gene to the systemic sclerosis (SSc). IL-33 gene rs16924159 variant possibly contributed to the pathogenesis of idiopathic recurrent miscarriage in Han Chinese population. 27 The rs7044343 and rs11792633 variants of IL-33 gene were related to a decreased risk of Behçet's disease (BD). 28 The IL-33 gene rs7044343 polymorphism was also associated with the susceptibility to SSc and rheumatoid arthritis (RA). 29, 30 Moreover, according to Kudinova et al, 31 there existed a link between 2 SNP haplotypes in the IL-33 gene (rs11792633 and rs7044343) and mental disorder.
Additionally, increasing evidence has accumulated to support the IL-33 SNPs' crucial role in AD pathogenesis.
According to previous studies, IL-33 induced inflammatory molecule release from the glial cells and mobilized innate immunity to reduce Aβ accumulation. 13, 14 To investigate whether rs11792633 or rs7044343 polymorphism in IL-33 produced a marked effect in mediating susceptibility to AD, several case-control studies had evaluated the role of the IL-33 gene in AD. [15] [16] [17] The Tian study, the Yu study, and the Chapuis study except the American participants showed a positive association between IL-33 gene rs11792633 polymorphism and LOAD risk. Meanwhile, a potential role of IL-33 gene rs7044343 polymorphism in LOAD pathogenesis was reported in the Yu study and the Chapuis study, while the Tian study draws the opposite conclusion. However, all the results were only limited to specific European or Asian populations; it is necessary to identify whether any association exists between IL-33 polymorphism and LOAD risk in combined populations. Therefore, we performed this meta-analysis. Consequently, for overall comparison of pooled ORs, a significantly decreased risk was observed in almost all genetic models on the associations between IL-33 polymorphisms rs11792633 and rs7044343 and LOAD risk. Furthermore, the T allele of rs11792633 and the C allele of rs7044343 in IL-33 gene were found to be protective factors for LOAD in our meta-analysis. Sensitivity analysis was performed to assess the influence of each single study on the pooled ORs by removing individual studies, and the results suggested that no study significantly affected the pooled ORs of IL-33 rs11792633 and rs7044343 polymorphisms. Moreover, Begg's funnel plot and Egger's linear regression test were used to assess publication bias of all included studies. All of the P-values of Begg's funnel plot were .0.05, indicating that the results of this meta-analysis were statistically robust. Furthermore, strong linkage disequilibrium in rs11792633 and rs7044343 SNPs was identified in the Yu study in which the minor alleles defined a protective haplotype. 16 And as Chapuis et al suggested, a resulting protective haplotype including the rare alleles of the IL-33 gene rs1157505, rs11792633, and rs704343 SNPs was systematically associated with LOAD risk. 15 However, we did not display the haplotype analysis because of the limited data. In a word, compared with the previous studies, although no significant differences were detected for the rs7044343 polymorphism between LOAD cases and controls in Han Chinese, we concluded IL-33 gene rs11792633 polymorphism to be a protective factor to LOAD in the total population, as well as the rs11792633 polymorphism, which will provide new strategies and new targets for LOAD treatment.
In spite of the strengths of our study, there are some shortages and limitations to this meta-analysis. First, although we gathered all the eligible publications, the number of studies and subjects included in our meta-analysis was still small, causing an influence on the completeness of the data. Second, mild-moderate heterogeneity across included studies did exist in separate comparisons, which may influence the interpretation of our results. Third, the P-value of HWE of one included study was 0.05, suggesting that the distribution of genotypes in the controls deviated from HWE, and these study populations were not representative of the broader target population, which may lead to the instability of our result. Fourth, only one published study in the Asian origin was included in the meta-analysis of the IL-33 rs7044343 SNP, and the stratified analysis for Asians might not be reliable. Moreover, we did not account for some confounding factors such as age, gender, family history, and environment, or apolipoprotein E (ApoE) ε4 allele may participate in the association of IL-33 polymorphism and LOAD risk due to limited data.
Conclusion
Based on the published studies, our meta-analysis confirmed that a significant association was existed between IL-33 rs11792633 and rs7044343 polymorphisms and a decreased LOAD risk. To better understand the role of IL-33 polymorphism in LOAD risk, further studies combined with multiethnic research are warranted to determine the value of IL-33 variants for LOAD.
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